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2.1 BOLTED CONNECTIONS :

 A bolt is a metal pin with a head formed at one end and the shank threaded at the

other end so that nut can be received. Generally, the bolts are used to connect the

pieces of metals by inserting them through the holes in the metals; at the threaded

end, nuts should be tightened.

 This connection has the advantage of flexibility in assembling parts of the structure

as well as dissembling it and which is necessary if there is inspection or some

routine maintenance.
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2.1.1 CLASSIFICATION OF BOLTS:-

Bolts used in steel structures are of three types:-

1. Black Bolts (Unfinished)

2. Turned Bolts(Finished)

3. High Strength Friction Grip (HSFG) Bolts.

Black bolts

 Black bolts are unfinished and are made of mild steel and are usually of Grade 4.6. 
Black bolts have adequate strength and ductility when used properly; but while 

tightening the nut snug tight ('Snug tight' is defined as the tightness that exists when 
all plies in a joint are in firm contact) will twist off easily if tightened too much.

Turned bolts

 Turned and fitted bolts have uniform shanks and are inserted in close tolerance 

drilled holes and made snug tight by box spanners.

 The diameter of the hole is about 1.5 to 2.0 mm larger than the bolt diameter for 

ease in fitting.



 In these bearing type of connections, the plates are in firm contact but may slip 
under loading until the hole surface bears against the bolt . The load transmitted 

from plate to bolt is therefore by bearing and the bolt is in shear.

 Under dynamic loads, the nuts are liable to become loose and so these bolts are not 

allowed for use under such loading. In situations where small slips can cause 

significant effects as in beam splices, black bolts are not preferred.



High Strength Friction Grip bolts (HSFG) :-

 High Strength Friction Grip bolts (HSFG) provide extremely efficient connections and 

perform well under fluctuating/fatigue load conditions. These bolts should be tightened to 

their proof loads and require hardened washers to distribute the load under the bolt heads.

 The washers are usually tapered when used on rolled steel sections. The tension in the bolt 

ensures that no slip takes place under working conditions and so the load transmission from 

plate to the bolt is through friction and not by bearing.

 HSFG bolts are made from quenched and tempered alloy steels with grades from 8.8 to 10.9. 

The most common are the so-called, general grade of 8.8 and have medium carbon content, 

which makes them less ductile.

 The 10.9 grade have a much higher tensile strength, but lower ductility and the margin 

between the 0.2% yield strength and the ultimate strength is also lower.



Advantage of Bolted Connection: 

 The process of erection of structure can be made faster.

 Skilled labours are not necessary.

 Connections do not involve the noise.

 Requirement of labours is less.

 Immediate use of structure is possible in case of bolted connection.

 The alternative arrangement of structural members is possible if required.

 Lesser working area is required.

Disadvantage of Bolted Connection : 

 The material cost is very high.

 Due to the area reduction at the root of the thread and due to concentration 

of stress, the tensile strength of this type of connection is reduced.

 Bolts get loose if it is subjected to vibrations or shocks.



Different Terminology :-

1. Pitch of bolts (p): It is the centre to centre spacing of the bolts in a row, 

measured along the direction of load

2. Gauge Distance (g): It is the distance between the two consecutive bolts of 

adjacent rows and is measured at right angles to direction of load.

3. Edge Distance (e): It is the distance of centre of bolt hole from the adjacent edge 
of plate.



4. End Distance (e): It is the distance of nearest bolt hole from the end of the plate.

5. Staggered Distance : It is the centre to centre distance of staggered bolts 

measured obliquely on the member.

SPACING AND EDGE DISTANCES OF BOLT HOLES:

1. Pitch ‘p’ shall not be less than 2.5d, where ‘d’ is the normal diameter of bolt.

2. Pitch ‘p’ shall not be more than

a) 16t or 200 mm, whichever is less, in case of tension members



b) 12t or 200 mm , whichever is less, in case of compression members where t is the 

thickness of thinnest member.

c) In case of staggered pitch , pitch may be increased by 50 percent of values specified 

above provided gauge distance is less than 75 mm.

3) In case of butt joints maximum pitch is to be restricted to 4.5 d for a distance of 1.5 

times of plate from the butting surface.



2. 1. 3 Types of Bolted Connection:

Types of joints may be grouped into the following two :

a) Lap Joint

b) Butt Joint

Lap Joint

It is the simplest type of joints. In this plates to be connected overlap one another.



Butt Joint:-

In this type of connections, the two main plates a but against each other and the 

connection is made by providing a single cover plate connected to main plate or by 

double cover plates, one on either side connected to main plates.



2.1.4 Types Of Actions On Fasteners:

 Depending upon the types of connections and loads, bolts are subjected to the 

following types of actions:

a) Only one plane subjected to shear (single shear)

b) Two plane subjected to shear (double shear)

c) Pure tension

d) Pure moment

e) Shear and moments in plane of connection

f) Shear and tension.





Assumption And Principle Of Design:



ROLLED STEEL SHEETS AND STRIPS :

 The rolled steel sheet is designated by abbreviated reference symbol SH followed 

by length in mm x width in mm x thickness in mm of the sheet. The rolled steel 

strip is designated as ISST followed by width in mm x thickness in mm, e.g., SH 

2000 x 600 x 8 and ISST 250 x 2.



SPECIAL CONSIDERATIONS IN STEEL DESIGN :

The following special considerations are required in steel design:

 Size and Shape

 Buckling

 Minimum Thickness

 Connection Designs.

Size and Shape :-

Steel is manufactured in steel mills and is available in certain shapes and sizes, hence 
the member of a steel structure should be designed to consist of any of the available 
sections  or a combinations of them

Buckling :

The permissible load per unit area in steel is much higher as compared to permissible 
value in concrete. Therefore, for the same load , the cross section area of a steel 
member is smaller. As the member in a steel structure are more slender, the 
compression member in steel structure are liable to buckling. 



Minimum Thickness :-

 Corrosion needs special consideration in steel design. If very thin sections are used 

, small amount of corrosion may result into a large percentage reduction  in 

effective area . Hence design practice specify minimum thickness to be used in 

structural members.

(a) if fully accessible for cleaning and painting - 6mm

(b) If not accessible for cleaning and painting – 8 mm

Connection Designs:-

A steel design is not complete if the following connections are not designed.

(a) Connection between various standard section selected for a member.

(b) Connections between various members (like beam, column, foundation etc)

The following three types of connections are commonly used.

(a) Riveted connection

(b) Bolted connection

(c) Welded connection



LOADS :-

Various loads expected to act on a structure may be classified given below :

a) Dead loads

b) Imposed loads

c) Wind loads

d) Snow loads

e) Earthquake loads

f) Special loads

Dead Loads (DL):

The first vertical load that is considered is dead load. Dead loads are permanent or 

stationary loads which are transferred to structure throughout the life span. Dead load 

is primarily due to self weight of structural members, permanent partition walls, fixed 

permanent equipment's and weight of different materials. It majorly consists of the 

weight of roofs, beams, walls and column etc. 



Imposed Loads or Live Loads (IL or LL):-

 The second vertical load that is considered in design of a structure is imposed loads 

or live loads. Live loads are either movable or moving loads with out any 

acceleration or impact. These loads are assumed to be produced by the intended use 

or occupancy of the building including weights of movable partitions or furniture 

etc.. Live loads keeps on changing from time to time. These loads are to be suitably 

assumed by the designer. It is one of the major load in the design. 

 The code gives the values of live loads for the following occupancy 

classification: Residential Buildings, houses, hotels, hostels, boiler rooms and 

plant rooms, garages

 Educational buildings

 Institutional buildings

 Assembly buildings

 Business and office buildings

 Mercantile buildings

 Industrial buildings, and

 Storage rooms.



WIND LOADS:

Wind load is primarily horizontal load caused by the movement of air relative to earth. 

Wind load is required to be considered in structural design especially when the heath 

of the building exceeds two times the dimensions transverse to the exposed wind 

surface. For low rise building say up to four to five stories, the wind load is not critical 

because the moment of resistance provided by the continuity of floor system to 

column connection and walls provided between columns are sufficient to 

accommodate the effect of these forces.

SNOW LOAD(SL):

Snow loads constitute to the vertical loads in the building. But these types of loads are 

considered only in the snow fall places. The IS 875 (part 4) – 1987 deals with snow 

loads on roofs of the building. The minimum snow load on a roof area or any other 

area above ground which is subjected to snow accumulation is obtained by the 

expression.



EARTHQUAKE LOADS (EL)

 Earthquake forces constitute to both vertical and horizontal forces on the building. 

The total vibration caused by earthquake may be resolved into three mutually 

perpendicular directions, usually taken as vertical and two horizontal directions. 

The movement in vertical direction do not cause forces in superstructure to any 

significant extent. But the horizontal movement of the building at the time of 

earthquake is to be considered while designing. The response of the structure to the 

ground vibration is a function of the nature of foundation soil, size and mode of 

construction and the duration and intensity of ground motion. IS 1893– 2014 gives 

the details of such calculations for structures standing on soils which will not 

considerably settle or slide appreciably due to earthquake. The seismic accelerations 

for the design may be arrived at from seismic coefficient, which is defined as the 

ratio of acceleration due to earthquake and acceleration due to gravity. For 

monolithic reinforced concrete structures located in the seismic zone 2, and 3 

without more than 5 stories high and importance factor less than 1, the seismic 

forces are not critical. 



 LOAD COMBINATIONS:

 A judicious combinations of the load is necessary to ensure the required safety and 

economy in the design keeping in view the probability of

(a) Their acting together

(b) Their deposition in relation to other loads 

the recommended load combinations by IS 875 are given below

 1. DL

 2. DL+IL                      DL= DIRECT LOAD, WL = WIND LOAD, TL= TEMPERATURE LOAD

 3. DL+ WL                    IL = IMPOSED LOAD , EL = EARTHQUAKE LOAD

 4. DL+EL

 5. DL+ TL

 6. DL+IL+WL

 7. DL+IL+EL

 8. DL+IL+TL

 9. DL+WL+TL

 10. DL+EL+TL

 11. DL+IL+WL+TL

 12. DL+IL+EL+TL



STRUCTURAL ANALYSIS: 
Structural analysis is necessary to find the internal forces developed in the members 
Of the structure. The required internal forces for design are axial forces and moments. 
IS code permits the following methods of analysis:

(a) Elastic Analysis

(b) Plastic Analysis

(c) Advanced Analysis

(d) Dynamic Analysis

Elastic Analysis :- It is based on assumption that no fiber of the member has yielded 
for the designed load and stress is linearly proportional to strain. This analysis may be 
in two stages.

Stage-1:- First order analysis: It is based on the load acting on unreformed geometry 
of the structure redistribution of 15% of peak moment is permitted by code

Stage-2 Second order analysis: It is based on the deformed shape of the structure. IS 
800 permits use of amplification factors instead of second order analysis.



PLASTIC ANALYSIS:- In this method it is assumed that when every fiber at a 

section

Reaches yield stress  a plastic hinge is formed. After hinge is formed, it is assumed 

that the member rotates freely at the plastic hinge without resting any additional 

moment.

ADVANCED ANALYSIS:- For a frame with full lateral resistant's, an advanced 

structural analysis may be carried out, provided the analysis can be shown to 

accurately model the actual behavior of that class of frames. The analysis shall take 

into account the following:

(i) Relevant material properties

(ii) Residual Stress

(iii) Geometric imperfection

(iv) Reduction in stiffness due to axial compressions.

(v) Second order effects

(vi) Erection Procedure

(vii) Interaction with foundation



DESIGN PHILOSOPHY:

The aim of design is to decide shape, size and connection details of the members so 

that the structure being designed will perform satisfactory during its intended life. 

With an appropriate degree of safety the structure should

(a) Sustain all loads expected on it.

(b) Sustain deformations during and after construction.

(c) Should have adequate durability.

(d) Should have adequate resistance to misuse and fire.

(e) Structure should be stable and have alternate load paths to prevent overall 

collapse under accidental loading .Analytical method of design consisits in 

idealizing the structure, quantifying expected loads, carrying analysis to find 

member forces and sizing the members based on possible failure criteria.



LIMIT STATE METOD :-

 In the limit state method the strength of structure till the formation of collapse 

mechanism is considered to take care of uncertainties involved in the analysis, 

design and construction the code suggest increasing working loads by partial safety 

r f and terms it as design loads.

 There are uncertainties about uniformity of material properties and sectional 

dimensions. To take care of these uncertainties code recommended that design 

strength be reduced by partial safety factor 𝛾m. 𝑇𝑑𝑛 = 
0.9×𝐴𝑛×𝑓𝑢

𝛾𝑚

Where, 𝑓𝑢 = Ultimate strength of steel.

Similarly design strength of a bolt of diameter “d” in direct single shear is given by

𝑉𝑑𝑠𝑏 =
1

𝛾𝑚𝑏
× 𝑣𝑛𝑠𝑏

=
1

𝛾𝑚𝑏
×

𝑓𝑢𝑏

3
×

𝜋

4
𝑑2 × 0.78

Where, 𝑉𝑛𝑠𝑏= nominal shear strength of bolt

𝑓𝑢𝑏= Ultimate shear strength of bolt.



 The factor 0.78 is used to take care of reduction in cross section of bolt due to 

threading.

 However, it is necessary to take care of serviceability requirement. Sometimes it 
may be necessary to revise the design for satisfying serviceability requirements. 


